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However, I would like to present some of our findings and problems in the gastrointestinal manifestations of vascular disease, which we have been studying at the Royal Infirmary of Edinburgh for the last few years.
The clinical syndromes associated with partial or complete atherosclerotic occlusions of the systemic vessels are well known, as indeed are the more dramatic syndromes associated with occlusion of the major visceral vessels. However, some of the effects of lesser degrees of obstruction of the visceral vessels are less well known and are of particular interest to radiologists as they produce changes in the gastrointestinal tract which may present considerable diagnostic problems. Much of our work has been concerned with atherosclerotic disease of the visceral vessels and what we have seen poses several problems. Firstly, why is the complete obstruction of major vessels asymptomatic in some subjects, whilst in others ischoemic changes occur in the bowel without a demonstrable vascular obstruction ?
A considerable amount of post-mortem investigation of atherosclerotic changes in the visceral vessels has been carried out as this process appears to be the main cause of narrowing and obstruction of the major vessels. Reiner et al. (1963) showed that the vessels mainly involved in atherosclerotic narrowing were the major trunks of the coeliac, splenic and superior mesenteric vessels and that the process in many instances was due to spread of the atherosclerotic change from the aorta into the origin of the visceral vessel. When atherosclerotic changes were present it is of interest that the dominant lesion was a stenosing one and that this change was found in 65% of cases; aneurysmal dilatation such as is seen in systemic vessels in the same disease seldom occurs in visceral vessels.
These authors also found relatively little correlation between atherosclerosis in the aorta and similar changes in the mesenteric vessels; thus demonstration of aortic changes did not necessarily imply changes in the mesenteric vessel. Extensive aortic disease occurred without any changes in the mesenteric vessels but seldom the converse.
In an attempt to assess the frequency of atherosclerotic change we undertook a study of the visceral vessels at routine post-mortem after these vessels had been injected with Micropaque, and our findings were largely similar to those of Derrick et al. (1959) who, in an analysis of 110 unselected aortas and visceral vessels from patients in the age group 28-86 years, found that 44% of visceral vessels showed atherosclerotic change, and that of these 21 % showed a reduction of the lumen of the vessel by more than half. A total of 37% of superior mesenteric arteries examined in their series showed some degree of narrowing of the lumen.
However, the demonstration of a narrowed area in the major vessels is not the complete story as, in a case reported later, despite an extensive area of ischiemic necrosis of the small bowel, no obstruction of the superior mesenteric artery could be found at subsequent autopsy. It may be argued perhaps that this occlusion was primarily a venous one, but perhaps the experimental work of Boley et al. (1965) experimental injection of microspheres of 35-100 microns produced blocks in the mesenteric vessels which were determined by the size of the microspheres and the number injected. In experimental lesions in the colon with larger quantities (50 mg) and smaller sized microspheres (35 microns), the more peripheral was the block and the greater the degree of intestinal damage. Pathologically a diffuse thinning of the gut wall occurred with the resultant spread of infection through the wall and the development of perforation and peritonitis. This feature has also been noted clinically in our series. In the small bowel these authors were not able to reproduce the lesions with the same clarity but were of the opinion from their limited experiments that the lesions were essentially the same.
There is thus sound pathological and experimental evidence for the changes noted in the radiograph in vascular occlusive disease of the bowel. With moderate quantities (50 mg) of intermediate sized microspheres the pathological changes occurring in the infarcted area in these animals consisted of submucosal haemorrhage in the first twenty-four hours, followed later by superficial ulceration of the mucosa in the next forty-eight to seventy-two hours, and followed later by healing in two weeks or so. These appearances are probably those seen in reversible lesions of the colon.
When larger injections of intermediate sized (50 microns) microspheres were used an acute segmental ulcerative lesion of the mucosa was noted with superficial, deep or perforating ulcers. Appearances similar to such an experimental ulcerative lesion in the small bowel have been noted in one case in our series.
However, atherosclerotic change in the visceral arteries is not confined only to narrowing of the vessel although this is the most important effect. Elongation and tortuosity of the vessel associated with the same process may give rise to filling defects during barium meal examination which cause difficulties in interpretation, and I would like to consider some of these before discussing the occlusive effects.
In areas where the gastrointestinal tract is fairly fixed, such as the oesophagus, vascular impressions are well known and the constant indentation of the posterior wall of the oesophagus by an anomalous subclavian artery needs no emphasis. However, the splenic artery is particularly liable to atherosclerotic changes, especially elongation and tortuosity, and these changes may cause indentation of the barium-filled stomach, giving rise to problems in differential diagnosis of a filling defect along the lesser curvature of the stomach. The mucosa in these defects is intact and not infrequently a small rim of calcification in the vessel will allow the nature of the filling defect to be confidently recognized. However, segmental pancreatitis involving the distal half and tail of the pancreas is especially liable to confusion as it may also show a filling defect in the posterior wall of the stomach adjoining the lesser curvature caused by the swollen pancreas. If the localized pancreatitis is associated with calcification the differential diagnosis may be more difficult ( Fig  IA, B) . Defects in the barium-filled duodenum due to atherosclerotic branches of the coeliac artery should be considered when one is faced with an unusual linear filling defect in the second or third part of the duodenum.
Veins, too, may produce filling defects when they are present within the wall of the bowel. The distended cesophageal varices are well known but perhaps mention might be made of the not uncommon gastric varices which may present as soft tissue tumours on the medial wall of the fundus of the stomach. The intact mucosa over the varices associated with the bubble-like appearance usually allows the diagnosis to be suspected, but enlargement of the left lobe of the liver or the caudate lobe, which may occur with the associated cirrhosis, may further increase the complexity of the diagnosis by giving rise to an extragastric soft tissue mass (Fig 2) . The appearances associated with vascular obstruction of the mesenteric vessels may be classified according to whether the obstruction is partial or complete, whether arterial or venous, and also whether the large or small bowel is involved (Table 1) .
Acute Vascular Obstruction
The clinical picture of arterial mesenteric embolus largely depends on the site and the suddenness of the obstruction, but in any case the occlusive process generally spreads rapidly and results in the development of marked shock. Thrombosis of a branch of the mesenteric artery may be associated with a relatively insidious onset with few clinical and radiological signs in the early stages, but ultimately if the main stem branch of the same vessel is involved the clinical picture is associated with the development of shock and rapid appearance of X-ray signs. It has been assumed that apart from the signs of ileus, namely fluid levels and gas distended loops, there are few signs on the plain film to suggest the vascular etiology of the obstruction. It is my contention, however, that careful study of the plain film will show other signs which are certainly suggestive of the diagnosis. If the main stem of the superior mesenteric artery is involved the limitation of the gas distension to the right side of the colon and small bowel corresponds to the area of blood supply. A relatively sharply demarcated line of the distended from the normal colon at the junction of the middle and distal third of the transverse colon enables the diagnosis to be suggested.
If, however, only a branch of the superior mesenteric artery is involved and the ischtmic area localized to the ileum, the distension and fluid levels may be localized to a single or few coils of the ileum and this sign cannot be seen. In these cases we have found that there is frequently a disparity between the degree of gas distension of the small bowel and fluid levels present. The fluid levels tend to be relatively more numerous, smaller in size, and the degree of distension less than would be anticipated in a simple mechanical obstruction. When the occlusive lesion develops more slowly as with a thrombosis the presence of cedema and submucosal hiemorrhages in the wall of the jejunum or ileum frequently gives rise to a characteristic gas pattern with crenated outlines of the gas bubble caused by the thickened and cedematous wall of the affected segment. Careful study of the plain films will frequently detect a coil of bowel showing these changes, enabling the diagnosis to be made (Figs 3A, B) .
But not all cases of acute mesenteric occlusion are associated with fluid levels and indeed in 3 cases out of 15 in this series there was a conspicuous absence of gas distended loops and fluid levels. In such cases the presence of a single coil of gas-filled bowel having a 'pseudo-tumour' appearance caused by the thickened bowel walls must be carefully looked for.
The varying natural history of mesenteric thrombosis has already been commented on andin those cases where the thrombosis develops in the small vessels, some time may elapse before the radiological patterns appear. Even in those cases where the onset is sudden, as with an embolus, some time may elapse before fluid levels appear. In such cases the anastomotic circulation is presumably only just inadequate to maintain via- Fig 3A, showing multiple smallfluid levels in the small bowel. The patient, a woman, aged 89, had suffered from acute abdominal painfor one week before thefilms were taken bility of the affected loop which consequently gradually succumbs to infection from the bowel lumen.
A male aged 72 years, who was admitted in congestive cardiac failure, had suffered from abdominal pain and diarrhoea for one week before admission. In this case mesenteric embolism had presumably already occurred several days before the present films were taken, but the initial films showed only a few gas shadows. Films taken three days later, however, showed fully established small bowel distension with well-defined fluid levels. A gradually developing mesenteric thrombosis, either arterial or venous, may be associated with devitalization of the bowel wall leading to perforation with free gas in the peritoneal cavity. This free gas may be misleading as the underlying basic pathology may not be recognized. Schorr (1963) and others have shown that.the presence of gas in the wall of the affected loop may precede perforation and this gas can be recognized on the radiograph as linear streaks parallel to the intestinal gas shadows. Escape of gas may also occur into the portal system with the appearance of gas in the liver. Vascular lesions may complicate mechanical syndromes and in such cases radiography can seldom indicate this complication.
In the diagnosis of acute mesenteric occlusion ............. the potential of selective arteriography (Aakhus 1966 ) must be considered. Many of these patients are, however, gravely ill and the additional trauma associated with the investigation is perhaps hardly justified. Furthermore, the animal experiments of Boley et al. (1965) with microsphere injections already referred to suggest that the obstruction may be more peripheral than is possible to demonstrate by arteriography.
Venous Mesenteric Thrombosis
The development of venous thrombotic lesions affecting the superior mesenteric vein results in changes in the small bowel, but the whole process proceeds at a much slower rate than arterial occlusion and the radiological sign may be slight or absent for several days in the early stages. Such appearances of a small bowel ulcer associ-local ulceration. These features may be seen in a ated with loss of bowel pattern are characteristic reversible vascular lesion of the small bowel. The ulcer of mesenteric thrombosis. It has been suggested may heal with stricture formation or may, as in this (Boley et al 1965) that the iatrogenic ulceration case, proceed to acute vascular obstruction with ganof the small bowel associated with the ingestion of grene and necrosis potassium chloride capsules may be the sequel of a venous thrombosis.
Reversible Vascular Occlusion ofthe Small Bowel
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In lesions where the vascular supply is impaired, but yet the anastomotic circulation is sufficient to maintain the vitality of the bowel, complete recovery of the bowel may gradually occur. In most instances, however, the degree of damage is such that fibrosis and narrowing of the bowel occurs as a sequel. Such reversible lesions are most commonly found in the colon but they can also be seen in the small bowel. The pathological change in these reversible lesions is similar in the early stages to other more acute vascular lesions, and consists of cedema and heemofhage into the submucosa, such changes giving rise to thickening and swelling of the bowel wall. These swellings give rise to thumbprint deformities of the barium-filled bowel. This type of vascular lesion is sometimes seen after reduction of an inguinal hernia.
When such lesions occur in the small bowel they have to be differentiated from other conditions which cause thickening of the small bowel and associated with polypoid filling defects with or without associated ulceration. Lymphosarco Reticulosis of the small bowel may also produce irregularity of the outline of the small bowel, again with some degree of narrowing of the lumen. Secondary deposits on the wall of the A rare condition which may give an appearance of thumbprinting is pneumatosis cystoides involving the small bowel. With a barium meal this unusual condition produces a polypoid appearance of the small bowel which is difficult to diagnose but the plain films show the gas-filled cysts which enable the differential diagnosis to be made with certainty. Transient Ischwmic Colitis ofthe Colon Drummond (1914) described the anastomotic circulation to the colon between the superior and inferior mesenteric vessels. He pointed out that the distal half of the transverse colon was the critical area where the circulation was likely to be most in jeopardy when occlusion of the superior mesenteric vessel or its colonic branches occurred as this was the area where anastomosis with the inferior mesenteric artery occurred.
It is only recently that there have been reports of radiological appearances in the colon at this site which have been associated with ischvmic changes. The clinical presentation of a vascular lesion is usually one of lower abdominal pain often associated with the passage of blood or blood clots.
The progress of the lesion depends on the extent and the rapidity with which revascularization takes place. As in the small bowel the early lesion is one of swelling and submucosal hemorrhages into the mucosa, and at this stage the radiological appearances are those of thumbprinting and pseudotumour formation (Figg 4 and 5) .
Depending on the efficacy of the anastomotic circulation, revascularization of the lesion may result in a return to normal. On the other hand a failure of complete revascularization may result in the development of a fibrous stricture or a localized area of narrowing of the colon. Histologically resected specimens of such lesions described by Marston et al. (1966) and by McGovern & Goulston (1965) showed a loss of full mucosal thickness with areas of ulceration, the whole surface being covered by granulation. The muscular coats and the muscularis mucosa adjacent to the ulcerated areas show marked loss of the muscular fibres and many macrophages full of pigment (haemosiderin) can be seen. Many histologists have commented on the likeness of the picture to that seen in resolving myocarditis after a myocardial infarct.
However, if the vitality of the affected segment of the bowel is sufficiently decreased a secondary bacterial invasion of clostridial infection may occur and convert the potentially reversible change into a gangrenous segment of bowel. As these organisms are present as normal commensals in 35% of the population this risk is obviously very high.
In the reversible vascular lesion (transient ischmmic colitis) and in the ischaemic stricture, A the problem is one of differential diagnosis and the clinical state is usually such that a barium enema examination is feasible. During the acute stage the oedematous and swollen mucosa shows sacculations and thumbprint deformities on the mucosa, and if the high specificity of thig lesion for the distal part of the transverse colon is kept in mind then the diagnosis can be made (Figs 6A,   B, c, 7A, B ).
The appearances have to be differentiated from tumour formation, Crohn's disease and localized pneumatosis of the bowel wall. Carcinoma of the colon is seldom confused with the stage of pseudotumour as the ulceration and destruction of the mucosa is usually visible. Likewise in Crohn's disease there are usually other areas involved and skip areas can be seen. The deep spike-like ulcerations seen in Crohn's disease are not seen in ischmmic lesions.
Pneumatosis cystoides intestinalis involving the colon may be subserosal, when the diagnosis is relatively easy, and the gas-filled cysts are readily seen. When, however, the cysts are intramural the defects are less readily seen and the polypoid defects shown may mimic a reversible vascular lesion. Chronic Mid-gut Ischamia The assessment of the part played by chronic ischamia of the small bowel in the production of symptoms is complex as it has been shown that significant vascular changes may develop in the bowel wall when the main stem vessel is open (Berger & Byrne 1961 , Marston 1962 ) and equally that a vascular infarct may occur without a vascular block (Lister & Jungmann 1956) .
It is known that, with regard to the cerebral circulation, a decrease of 92% of the total diameter is necessary before a diminished flow occurs and it is probable that the state of the peripheral vessels is equally important. Fig 8 shows the appearance of a complete obstruction of the superior mesenteric artery in a young farm labourer aged 29 under investigation for hypertension. Despite the complete obstruction of the superior mesenteric artery the circulation to the small bowel has been satisfactorily maintained through the inferior mesenteric and no symptoms or radiological signs attributable to the small bowel could be found. In the older age group where the vascular bed is more damaged it may be possible that narrowing of the main stem vessel produces symptoms.
Mavor & Mitchie (1958), Gillanders & Lyall (1963) and more recently Dunbar et al. (1965) claimed that narrowing of the superior mesenteric vessel might occur as a sequel of narrowing of the vessel by the arcuate ligament as well as by athersclerotic narrowing. We have not met with this in our series.
The part played by ischaemic changes to the small bowel in the production of malabsorption syndromes has also been evaluated. Following the work of Joske et al. (1958) and Shaw & Maynard (1958) we reviewed our cases of malabsorption syndromes which had developed spontaneously in middle-aged patients. Twenty-seven cases diagnosed as malabsorption syndromes after a full investigation of their gastrointestinal function both biochemically and radiologically had already been established. In none of these cases did we find any evidence to suggest a vascular cause of the malabsorption. We did, however, find that 2 of this malabsorption group proved to be examples of diffuse lymphosarcoma of the intestinal wall.
Further study is needed to evaluate the changes in the superior mesenteric artery described by Dunbar et al. (1965) and to find what significance can be attributed to this narrowed arterial angle at the origin of the superior mesenteric artery. 
